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(57) Abstract 

An improved well boosting implant which 
provides better characteristics than traditional 
halo implants particularly for short channel de- 
vices (e.g.. 0.25 microns or less). In effect, an 
implant is distributed across the entire channel 
with higher concentrations occurring in the cen- 
ter of the channel of the devices having gate 
lengths less than die critical dimension. This 
is done by using very large tilt angles (e.g., 
30-50') with a relatively light dopant species 
and by using a relatively high energy when com- 
pared to the traditional halo implants. 
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WELL BOaSTTNO THRESHOLD VOLTAGE ROLLUP 

BACKGROUND OF THE INVENTION 
L Field of the Invention 

The invention relates to the fabrication of metal-oxide- semiconductor (MOS) 
field-effect transistors. 

2. Prior Art 

Various techniques have been used to implant the channel regions of MOS 
transistors to control short channel effects or to change other characteristics. One 
commonly used technique is a so called "halo" implant, where ions opposite in 
c<Miductivity type to that used for the source region and drain region are inq)lanted 
adjacent to these regions. These highly doped regions provide a higher punchthrough 
resistance including higher resistance to drain induced barrier lowering. 

Often in the prior art the dopant for the halo regions is implanted with the 
wafer tilted after the gate is formed. This is shown in "A New Half-Micron p- 
Channel MOSFET with LATBPS (LArge-Tllt-Angle Implanted Eunchthrough 
S.topper), by Hori and Kurimoto, lEDM 88. beginning at page 394. 

SUMMARY OF mmVENTION 

An improved process is described used in the fabrication of an MOS device 
having a gate and source and drain regions of a first conductivity type which are 
formed in a substrate region of a second conductivity type described. A dopant of the 
second conductivity type is implanted into the substrate so as to increase die dopant 
concentration of the second conductivity type dopant in die region generally midway 
between the source and drain regions as the gate lengths decrease. This is particularly 
useful since for a given critical dimension there are gate length variations resulting in 
some devices having gate lengths less than the critical dimension. These devices will 
have a higher concentration of the dopant and consequentiy improved punchthrough 
characteristics. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross sectional elevation view of a prior art n channel MOS 
transistor illustrating halo in^lants adjacent to source and drain region. 

Figure 2 is a cross sectional elevation view of an n channel transistor built in 
accordance with the present invention. 

Figure 3 is a cross sectional elevation view showing the processing step used 
to obtain the well boosting of the present invention. 

Figure 4 is a graph showing the relationshq) of gate length versus threshold 
voltage for the prior ait halo implant, prior art non-halo devices and the well boosted 
channel of the present invention. 

Figure 5 is a graph illustrating the dopant concentration for the present 
invention in the channels of transistors of different gate lengths. 
DETAILED DESCRIPTION OF THE PRESENT INVENTION 

A process for providing well boostioig which results in a threshold voltage 
rollup at shorter gate lengths is described. In tiie following description numerous 
specific details are set fonh such as specific concentration levels, dopants, etc., in 
order to provide a thcwough understanding of the present invention. It will be 
^jparent to one skilled in the art that tiie present invention can be practiced witiiout 
fliese specific details. In other instances well-known processing steps have not been 
set f ordi in detail in order not to obscure the present invention. 

Referring to Figure 1, in the cross sectional elevation view of a prior art MOS 
transistor formed in a p-type substrate or well, the gate 10 is insulated from the 
channel region of the transistor by the insulative layer 17. Spacers 1 1 and 12, formed 
on the opposite sides of the gate, are used to define the shallower extensions of the 
source and drain regions 13 and 14, as is well-known in the art. The halo regions IS 
and 16 are, for example, formed by ion implantation prior to the doping of the source 
and drain regions by implanting a relatively heavy p-type dopant at two different 
angles so that the dopant lodges as shown. This results in the regions where the 
source and drain regions are subsequendy formed firom initially being doped with a p- 
type dopant This, however, is overcome by counterdoping with a n-type dopant to 
form the n chaimd device shown in Figure 1 but leaving die halo regions. As 
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menticHied in the prior an section of this application^ the halo regions 15 and 16 are 
used to improve the punchthrough characteristics of the transistor. 

In Figure 2 a field-effect transistor fabricated in accordance with the present 
invention is shown. As will be seen, the benefits of the present invention are best 
realized when the gate length of the gate 20 is approximately 0.25 microns or less. In 
the fabrication of the transistor of Figure 2, a gate 20 is formed insulated from a 
substrate by an insulative layer 27. For instance, the gate may be 0.22 microns in 
length, 0.25 microns in height and insulated firom the substrate by a silicon dioxide 
layer 40A in thickness. The well boosting of the present invention is now formed as 
will be subsequendy discussed Then spacers 21 and 22 are formed along opposite 
sides of the polysilicon gate 20. The spacers are fabricated firom a nonconductive 
material such as silicon nitride. The spacers, as was the case with the transistor of 
Hgure 1, are used to define the shallower extensions of the source and drain regions 
23 and 24. Then, the source and drain regions are doped. Metal laym are next 
formed, as is well known, to complete the integrated circuit. 

Instead of the halo regions of Figure 1 , the region 25 is used in accordance 
with the present invention in the transistor of Figure 2, This p-type region is more 
heavily doped than the substrate or well in which the transistor of Figure 2 is 
fabricated. Radier than having two separate halo regions below the source and drain 
extensions as shown in Figure 1, with the present invention it is desirable to have, to 
die extent it can be achieved, more doping in the center part of the channel located 
under the gate oxide 27. This hi^er concaitration of dopant is shown by the region 
26 in Figure 2. As will be seen, dus occurs as the gate length decreases and is 
particulariy useful in compensating for variations in the critical dimension. The doped 
region 25 represents the weU boosting of the present invention and as will be seen 
provides, among other advantages, the threshold voltage rollup at shorter channel 
lengths which will described in conjunction with Figure 4. 

Referring now to Figure 3 the fabrication of the region 25 of Figure 2 is 
shown. Rrst, prior to the formation of the region 25 a gate insulative layer such as a 
silicon dioxide layer 27, is formed on the substrate. Following tiiis, a gate typically 
fabricated from polycrystalline silicon (polysilicon) is formed on the insulative layer 
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27. The gate 20 is fabricated by masking and dicn etching a polysiUconlayer^ Now a 
photoresist layer 33 is exposed and developed to define the opening 34, this being the 
opening used for the well boosting implant of the present invention and for forming 
the extensions for the source and drain regions. 

For the present invention, after forming the opening 34, the substrate on 
which the gate 20 is fabricated is subjected to ion implantation of an ion species 
having the same conductivity type as the region on which the transistor is fabricated 
This region is generally a doped well formed in the bulk substrate for CMOS 
processes. For an n channel transistor, a p-type dopant is implanted into a p well 30. 
This iiiq)lantation occurs at a very high tilt angle with respect to normal and preferably 
using a ligjit dopant species inq>lanted at a relatively high energy. This is done to 
force the dopant beneath the gate and into the central region of the channel 

With the present invention the dopant is implanted at an angle of 30^ or 
greater, generally between 30^ and 60^. This is illustrated in Hgure 3 where the 
dopant is first inq)lanted at the angle 37, the trajectory of the implanted dopant is 
shown by the parallel lines 36. Then tiie an^e is reversed and the dopant is implanted 
at the angle 38, die trajectory of die dopant is represented by the parallel line 35, Both 
diese angles are approxiinately 30^ or greater. Generally since the transistors are 
fabricated alcMig ortiiogonal lines* four implants are used, each 90^ fh)m each other 
with each inq)lant occurring at a tilt angle of approximately 30^ or more, such as the 
angles 37 and 38 of Figure 3. 

In a typical application for implanting boron, B 1 1 is implanted with four 

different implants, each at 90^ with respect to one another with the substrate tilted at 
approximately 30^ for each of the implants. A total dose of 2 x 10^ 3 from the four 
implants at an energy level of 10-20KEV is used. This dopant is driven by a rapid 
tiiermal annealing (e.g.. 900 to 1 100°C for 10 seconds) which occurs following die 
doping of the source and drain regions. 

Following this well boosting implant, the source and drain regions for the 
transistor may be formed in a standard manner. For instance, a shallower 
implantation of an n-type dopant occurs to define the extensions to the source and 
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drain regions. Then spacers are fabricated followed by the implantation and drive of 
an n-type dopant to define the main part of the source and drain regions. 
Alternatively, the extension for the source and drain regions may be diffused ftom a 
doped glass layer forming part of the spacers. 

While not shown, in the fabricaticm of p channel transistors an n-type dopant 
such as arsenic or phosphorus is used and in:Q)lanted at a very large dlt angle with 
relatively high energy to assure that the dopant concentration is greater in the central 
part of the channel region. 

Refeiring now to Figure 4 the gr^h illustrates channel length (abscissa) 
versus threshold voltage (ordinate) for three processes. First, the dotted line 42 
represents the characteristics of a transistor when no halo implantation is used. The 
curve 43 illustrates the charactoistics when a halo uiq}lant as shown in Figure 1 is 
used As can be sera, both for the standard halo implant and the non-halo fabrication, 
there is a sharp rolloff in threshold voltage as the gate length decreases. The curve 41 
shows the well boosting in accordance with the present invention. As can be seen 
from curve 41 , a rollup of the threshold voltage occurs as the gate length decreases. 
This is significant since it allows the fabrication of devices with very short channel 
lengths (e.g., less than 0.1 microns) and provides a tolerance for variations in the 
critical dimension. 

In fact the significant gain achieved by the present invention is not obtained 
unless the chaimd length is approxiniately 0.25 microns or smaller. This is illustrated 
in Hgure S where the dopant concentration across the channel for several gate lengths 
is shown after processing with the present invention. The curve 50 illustrates the 
dopant concentration for a 5 micron gate. As can be seen the higher dopant 
concentration is not in the center of the channel but rather on the edges of the channel 
Similarly, the curve 5 1 for a 0.8 micron gate length again shows a dip in the dopant 
cOTcentration level in the center of the channel However, as the gate length decreases 
the concentration in the center of the channel increases. Curve 52, representing a 0.3 
micron gate, illustrates that the concentration is higher in the center of the channel than 
for the 0.8 micron gate case. The curve 53 demonstrates that for a gate length of 0.22 
microns there is a relatively high dopant concentration across the entire channel when 
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compared to, for example, the 5 micron gate. Finally curve 54 shows that for a gate 
length of 0.18 microns there is even higher doping in the channel. Thus, the best 
results of the present invention are obtained when the gate length is, for instance, 
approximately 0.25 micron or less. As mentioned earlier, ideally the highest 
concentration across the charmel should be in the center of the channel and not under 
the source and drain extensions. 

One significant advantage to the present invention is the fact that for a given 
implant dose, a higher concentration occurs for the shorter gate lengths. Thus, where 
the critical dimension is 0.22 micrcms (gate lengtii) it is expected that variations will 
occur where some gate lengths will be, for instance, 0.18 microns. As can be seen in 
Figure 5, the chaimels of these 0.18 micron devices will be njore highly doped 
thereby providing compensation for the variation in the critical dimensions. This 
higher doping for the shorter gate lengths would not occur if, for exan5)le, the 
channels are implanted before the gates are foraged. 


Thus, a well boosting process has been described which provides a threshold 
voltage rollup at shorter gate lengths, in addition to providing the more traditional 
benefits fiom halo implants such as lowering source to drain leakage current and 
improved punchthrough characteristics. Additionally, it has been found that the high 
frequency characteristics of the trandstors are inq>roved with the well boosting 
implants of the present invention. 
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CLAIM? 

1 . In the fabrication of an MOS device having a gate where the source and 
drain regions of a first conductivity type are formed in a substrate region of a second 
conductivity type, an improved process wherein a dopant of the second conductivity 
type is implanted into the substrate so as to increase the doping concentration of the 
second conductivity type dopant in the region generally midway between the source 
and drain regions as the gate lengths decrease. 

2. The process defined by claim 1 wherein the implantation occurs at an 
angle of 30^ or greater. 

3 . The process defined by claim 1 wherein the implantation occurs in four 
steps each with the substrate tilted at approximately SOP or greater. 

4 . In the fabrication of an MOS device having a nominal gate length of 
where some of the devices have a gate length of less than £ , an improvement where 
the channels under the gates are doped and where there is a higher dopant 
concentration under the gates of the devices having the gate length less than i as 
compared to the doping concentration under the gates of die devices having a gate 
length of 

5 . A process for forming transistors in first conductivity type substrate 
regions comprising the steps of: 

forming gates insulated firom the substrate regions; and 
iii^}lanting a dopant of the first conductivity type into the substrate under the 
gates at an angle of approximately 30^ or greater. 

6 . The process defined by claim 5 wherein die implanted, first 
conductivity type dopant, comprises B 1 1 implanted at an energy of approximately 
15KV or greater. 


wo 98/2W97 


PCT/US97/22400 


8 

7 . The process defined by clam 5 wherein the implanted, first 
conductivity type dopant, comprises phosphorus. 

8 . The process defined by clam 5 wherein the implanted, first 
conductivity type dopant, comprises arsenic. 

9 . The process defined by claim 6 wherein the gates have a length of 
approximately 0.25 microns or less. 

10. The process defined by claim 7 wherein the gates have a length of 
approximately 0.2S microns or less. 

11. The process defined by clam 8 wherein the gates have a length of 
approximately 0.25 microns or less. 
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